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Abstract Overwintering females of Dictyna felis collected on 2-3 December 1990 
were reared at 25°C in long (LD-16: 8) and short (LD-10: 14) photoperiods. In 
the rearings at 25°C in long photoperiod, oviposition commenced on 18th-29th day 
from the start and 4-7 egg sacs were produced by 40th-50th day. In the rearings 
at 25°C in short photoperiod, however, oviposition never occurred until 60th day. 
The rearings of 1st instar nymphs emerged from egg sacs on 4 June 1991 revealed 
that development to adulthood was accelerated at 23°C in short photoperiod as 
compared with that under natural conditions. The number of molts required for 
development in both rearings was 4-5. However, all the experimental animals 
reared at 23°C in long photoperiod failed to develop into adults despite of successful 
development up to subadults. The subadults finally died after survived for 30-100 
days from 4th or 5th molt. 


Introduction 

The lace-web spider Dictyna felis Bos. et Str. is common in Japan. It spins 
an irregular sheet web on a leaf of broadleaf trees and sometimes on a windowpane 
near by the clump of such trees. Yaginuma (1978) described that adults usually appear 
in June-July, while Shinkai and Takano (1984) recorded June-October as the 
period of adult appearance. According to my observation in the urban area of Tokyo, 
adults and nymphs of different instars were found in summer, but most of over¬ 
wintering individuals was large-sized ones including adults. This seasonal change 
of population constitution will reasonably be explained when we have exact knowl¬ 
edge on life cycle of this species. However, no one has investigated the life cycle 
up to the present. In order to get the knowledge on the life cycle, I investigated 
the oviposition and nymphal development of this spider at a constant temperature 
and photoperiod in the laboratory. 
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Materials and Methods 

Rearing of adults. Many adult females were collected in the Komazawa Park, 
Setagaya-ku, Tokyo, on 2-3 December 1990, and kept individually in transparent 
plastic containers, 11.0 cm in width, 10.0 cm in length and 2.5 cm in height, with a lid 
made from the same material. They were divided into 4 groups of A, B, C and D 
consisted of 5 individuals each. A and B groups were reared on and after 4 Decem¬ 
ber in incubators kept at 25°C in long (LD-16: 8) and short (LD-10: 14) photo¬ 
periods, respectively. Photoperiod was prepared by switching on and off of two 
18-W fluorescent tubes in each incubator, the tubes providing 1200-2000 lux. Hu¬ 
midity was not controlled. For the purpose of examining the effect of cooling on 
oviposition, C and D groups were initially kept at 5°C and 15°C in complete dark 
for 30 days without prey, and thereafter reared in an incubator kept at 25°C in long 
photoperiod. Experimental animals were provided 3-5 fruit flies {Drosophila 
melanogaster) at interval of 3-4 days during the course of rearings, and the occur¬ 
rence of oviposition in each individuals was recorded. No individual died before 
50 days from the start of experiment. In order to get the knowledge on oviposition 
in the field, another group of 12 adult females were reared under natural conditions. 
Natural conditions are defined as a semi-outdoor situation protected from direct 
sunshine, rain and wind. Experimental animals were kept without prey until 28 
February of the following year, since they rarely ate prey provided before that date. 
Therefore, the actual rearings of them were started on 1 March 1991. The rearing 
method was the same as in the 4 groups mentioned above. Day length on 1 March 
and 22 June (summer solstice) was llh 28m and 15h 51m. One individual died 
during overwinter, thus omitted from the following graph. 

Rearing of nymphs. Nymphal development was investigated in the rearings of 
spiderlings just emerged from egg sacs of 3 females on 4 June 1991. Experimental 
animals were kept individually in glass vials, 3.0 cm in diameter and 6.5 cm in height, 
with a screw cap. In each vial, a strip of thick paper was placed as spider’s foot¬ 
hold. Humidity was not controlled. Three groups of 20 individuals each were reared 
under 3 different conditions; natural, 23°C in long photoperiod and 23°C in short 
photoperiod. Natural conditions were the same semi-outdoor situation as described 
in the rearing of adult females. Day length at the start of rearings (4 June) and on 
30 August (the date around which the majority of experimental animals had devel¬ 
oped to adults) was 14h 38m and 13h 10m. Prey provided were collembola nymphs 
and adults {Sinella cuspidatus), small planthopper nymphs and adults {Kosswigianella 
exigua) and fruit flies {Drosophila melanogaster), these were provided in rotation. 
Number of prey provided was increased from 1-2 to 3-5 as development proceeded. 
Five, 6 and 10 individuals died in the rearings under natural, at 23 °C in long photo¬ 
period and at 23 °C in short photoperiod, thus were omitted from the graphs shown 
in the following. 


Results and Discussion 

Effect of photoperiod on oviposition. The upper graph of Fig. 1 (A and B 
groups) shows the oviposition sequences of overwintering adult females reared at 
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Fig. 1. Oviposition sequences of overwintering females reared at 25°C in long and short 
photoperiods (A and B groups) and that of cooled individuals at 5°C and 15°C for 
30 days before rearing (C and D groups). Solid and hollow circles indicate fertilized 
and unfertilized egg sacs. Symbol d means death. For individual indicated by an 
asterisk, see text. 


25°C in long and short photoperiods. In the rearings at 25°C in long photoperiod 
(B group), 4 individuals among 5 laid 1st egg sac after 18-29 days from the start 
of rearings, and produced 4-7 egg sacs in their life, including sterile ones. The rest 
one indicated by an asterisk in the graph might be the individual caught before 
mating, since it laid unfertilized egg sacs only. All the individuals reared at 25°C in 
short photoperiod, however, never laid egg sac until 60th day. Around this date, the 
majority of experimental animals reared at 25°C in long photoperiod have already 
completed their oviposition and began to be weakened, and one individual among 
them actually died. Therefore, the photoperiod of incubator was changed from 
short to long. This change of photoperiod led the oviposition of 3 individuals among 
5 after 21-65 days, although only one individual produced a viable egg sac and the 
other 2 an unfertilized one. It is clear from these results that the oviposition of over¬ 
wintering adult females normally occurs in long photoperiod but is strongly in¬ 
hibited in short photoperiod. This characteristic is thought to be favourable for 
overwintering adult females, because they must pass through winter during which 
day length remains short. According to Schaefer (1977 and 1987), who investigated 
widely the life cycle of spiders in relation to temperature and photoperiod, it is known 
to exist some species of which vitellogenesis and oviposition are inhibited in short 
photoperiod; e.g., Arctosa perita (Latreille) and Alopecosa accentuata (Latreille). 
Tanaka (1991) reported that the adult females of Achaearanea tepidariorum (C. 
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Koch) entered into reproductive diapause when they were reared in short photo¬ 
period. 

Effect of cooling on oviposition. The lower graph of Fig. 1 (C and D groups) 
shows the effect of cooling on the oviposition of overwintering adult females. As 
shown in the graph, the cooling of females at 5°C and 15°C for 30 days before 
the start of rearings at 25°C in long photoperiod had no effect upon the occurrence 
of oviposition. All the individuals cooled at 5°C and 15°C laid 1st egg sac after 
18-47 days from the start of rearings, and produced 3-5 egg sacs in their life. These 
figures are comparable to those obtained in the rearings without cooling (B group). 
In other words, 30 days cooling at 5°C and 15°C merely postponed oviposition com¬ 
mencement for that period without neither distinct hastening or delaying of com¬ 
mencement. According to Schaefer (1987) the reproductive diapause of females is 
terminated by transferring the females to long photoperiod or exposing them to 
cold. 

Oviposition under natural conditions. In the rearings under natural conditions, 
the oviposition of adult females collected on 2-3 December began to occur in late 
March of the following year, although the date of 1st egg sac production greatly dif¬ 
fered from individual to individual (Fig. 2). Two individuals indicated by an asterisk 
in the graph did not lay egg sac due probably to capture before mating. According 
to weather records, late March-early April is the season in which weekly mean tem¬ 
perature generally begins to rise above 15°C and day length is also increasing toward 
summer solstice (22 June). Oviposition continued thereafter at irregular intervals 
and finally ceased by early June. The number of egg sacs produced per female varied 
from 4-8, including sterile ones. Change in egg number per sac following production 
sequence and total egg number produced per female are indicated in Table 1. As 
shown in the table, 1st egg sac contained most larger egg number per sac as com- 


1990 1991 

Dec .1 |Mar. ip _20_ |Apr. 10 _2^0_ |May 1,0 _2^0_ , June 1.0 


o 5 

z 


Days after the start of rearing 

Fig. 2. Oviposition sequences of overwintered females reared under natural conditions. 
Symbols are the same as in Fig. 1. For individuals indicated by an asterisk, see text. 
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Table 1. Egg number per sac in relation to production sequence and 
total egg number produced per female in life. 


No. of 



Sequence of egg sac production 



individ. 

1 

2 

3 

4 

5 

6 

7 

1 oiai 

8 

1 

67 

59 

47 

32 

40 

41 

28 

314 

2 

88 

62 

42 

36 

_* 



228 

3 

72 

56 

36 

— 




164 

4 

89 

37 

38 

31 

— 



195 

5 

45 

38 

41 

35 

32 

12 

— 

— 203 

6 

57 

45 

46 

43 

— 

— 


191 

7 

68 

42 

35 

— 




145 

8 

48 

42 

39 

34 

18 

— 


181 

9 

78 

29 

— 

— 




107 

Total 

612 

417 

324 

211 

90 

53 

28 

1728 

Mean 

68.0 

45.6 

35.0 

23.4 

15.0 

13.3 

14.0 

192.0±54.4 


* Unfertilized egg sac. 
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Days after the start of rearing 

Fig. 3. Developmental processes of nymphs reared under natural conditions. Solid 
circles indicate ordinary molts and hollow ones final molt. Symbol d means death. 
The upper graph shows the seasonal change of weekly mean temperatures. 
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pared with those in subsequent ones, and the mean number of viable eggs produced 
per female was 192.0±54.4 (SD). 

Effect of photoperiod on nymphal development. Figure 3 shows the develop¬ 
mental processes of nymphs reared under natural conditions. Males developed to 
adulthood in 76-82 days, a mean developmental period being calculated to be 77.3 
±2.1 (SD) days. The number of molts required for the development was 5-6. Fe¬ 
males required 76-121 days for their development, a mean being 90.1 ±13.8 (SD) 
days when one individual which failed to develop into an adult after 6th molt was 
omitted. This mean developmental period was significantly longer than that of the 
male (P<0.01 in t-test). The number of molts required was 5-6, although the 
majority molted 6 times. 

Figure 4 shows the developmental processes of nymphs reared at 23 °C in short 
and long photoperiods. In the rearings at 23°C in short photoperiod, males devel¬ 
oped to adulthood in 43-56 days with a mean of 48.0±4.4 (SD) days. Females did 
so in 44-80 days with a mean of 57.1 ±11.8 (SD) days. When these means are com¬ 
pared with those in the rearings under natural conditions (Fig. 3), it is clear that the 
mean developmental period is significantly shorter in the rearings at 23°C in short 
photoperiod than in the rearings under natural conditions (P<0.01 in t-test between 
the same sex in both rearings). This difference is thought to have been brought about 
by short photoperiod, because ambient weekly mean temperatures during the devel¬ 
opmental period of experimental animals under natural conditions fluctuated be¬ 
tween 22°C and 30°C (upper graph in Fig. 3) and day length was long-day. In other 



Fig. 4. Developmental processes of nymphs reared at 23 °C in short (upper) and long 
(lower) photoperiods. Symbols are the same as in Fig. 3. 
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words, nymphal development is significantly accelerated in short photoperiod. 

In the rearings at 23°C in long photoperiod, however, no individual developed 
to adulthood despite of successful development to subadults, and finally died after 
survived for 30-100 or more days. This result indicates that the development from 
subadult to adult was strongly arrested in long photoperiod. Hamamura (1982) 
studied nymphal development of Philodromus subaureolus Bos. et Str. in relation to 
photoperiod and described that the development in early stage was accelerated in a 
short photoperiod but retarded in a long one, although this characteristic was re¬ 
versed in the development of later stage after overwinter. 

Conclusion 

On the basis of the experimental results described above, the effects of photo¬ 
period on oviposition and nymphal development in D, felis can be summarized as 
follows. Oviposition is inhibited in short photoperiod but nymphal development 
is accelerated, although the latter nymphal development to adulthood is arrested in 
long photoperiod. In the field, oviposition by new adult females will be inhibited 
after middle summer due to the comming of short-day, while nymphs emerged by 
this season are able to develop speedily, although those emerged in early season 
more than middle summer have still been arrested their development to adulthood 
by this season due to long-day. This is the reason why summer populations are a 
mixture of new adults and nymphs of different instars, while overwintering popula¬ 
tions mainly consist of adults and nymphs of late instars. 
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